(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 617 207 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
25.02.1998 Bulletin 1998/09 

(21) Application number: 94302164.2 

(22) Date of filing: 25.03.1 994 



(51) Intel 6; F16C 33/04 



(54) Bearing assembly 

Lagervorrichtung 
Dispositif de palier 



(84) Designated Contracting States: 
BE CH DE FR GB IE LI NL SE 

(30) Priority: 26.03.1993 ZA 932167 

(43) Date of publication of application: 
28.09.1994 Bulletin 1994/39 

(73) Proprietor: DE BEERS 

INDUSTRIAL DIAMOND DIVISION 
(PROPRIETARY) LIMITED 
Johannesburg (ZA) 

(72) Inventors: 

• Tank, Klaus 
Johannesburg, Transvaal (ZA) 

• Damm, Oliver Frank Rudolf August 
Pretoria, Transvaal (ZA) 



DQ 

O 
CM 



CD 

O 

Q. 
lU 



• Tonrtlinson, Peter Noel 
Johannesburg, Transvaal (ZA) 

(74) Representative: Jones, Alan John 
CARPMAELS & RANSFORD 
43 Bloomsbury Square 
London, WC1A2RA (GB) 



(56) References cited: 
EP-A- 0 022 285 
US-A-4151 686 
US-A-4 560 014 
US-A- 4 793 828 



EP-A- 0 300 699 
US-A- 4 224 380 

US-A- 4 620 601 
US-A- 5 092 687 



PATENT ABSTRACTS OF JAPAN vol. 12 no. 347 
(M-743) [3194] ,19 September 1988 & JP-A-63 
106420 (CANON) 11 May 1988, 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



1 

Description 

BACKGROUND OF THE INVENTiON 

This invention relates to bearing assennblies. s 

Diamond-bearing assemblies are l^nown and are 
used in various applications. One application of a dia- 
mond-bearing assembly is a downhole motor used in 
the drilling industry. 

In diamond-bearing assemblies, e.g. known from 
JP-A-63 106 420 and US-A- 4 620 601. the opposed 
bearing surfaces of the assembly are both made of a 
diamond material. The diamond material is polycrystal- 
line diamond or PCD. This diamond material is also 
known in the art as a diamond compact. Such material 
is used because of its long wearing life and its ability to 
carry substantial loads. The polycrystalline diamond 
which has been used for diamond-bearing assemblies 
is that known in the art as Syndite®, Syndrill® or Strata- 
pax®. This polycrystalline diamond material contains 
substantial amounts of Group Vl 1 1 metals such as cobalt, 
iron or nickel. Reference in this regard may be made to 
US-A- 4 620 601 , column 12 lines 30 to 37. and US-A- 
4 560 014, column 9 lines 29 to 44. 

US-A-5 092 687 describes diamond-bearing as- 
semblies having opposed diamond-bearing surfaces. 
The diamond-bearing surfaces are provided by cement- 
ed tungsten carbide In which synthetic diamonds are 
bonded - column 3 lines 49 to 51 . Cemented tungsten 
carbide has a Group VIII metal such as cobalt, nickel or 
iron as its binder. 

It has been found that where a diamond-bearing as- 
sembly utilises a diamond material containing a Group 
VIII metal, as in the references described above, the fric- 
tion behaviour of the contacting-bearing surfaces tends 
to become quite unpredictable during high contact pres- 
sures. In some cases, rapid seizure of the bearing as- 
sembly occurs without adequate warning. This phenom- 
enon is believed to be caused by a Group VI 1 1 -rich tri- 
bofilm which forms on the diamond surfaces during use 
of the bearing assembly. 

SUMMARY OF THE INVENTION 

According to the present invention, a bearing as- 
sembly comprises opposed diamond bearing surfaces, 
both of which are free of any Group VIII metal. 

The term "free of any Group VIM metal" means that 
there will be substantially no Group VII I metal in that sur- 
face, although trace amounts of Group VIM metals may 
be present without resulting in a deleterious effect. 
Group VIII metals include cobalt, iron and nickel. 

DESCRIPTION OF THE DRAWINGS 

Figures 1 and 2 illustrate diagrammatic sectional 
views of opposed diamond-bearing surfaces of two em- 
bodiments of bearing assemblies of the invention. 
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DESCRIPTION OF EMBODIMENTS 

The invention provides a bearing assembly com- 
prising opposed diamond bearing surfaces. The bearing 
assembly may be any known In the art. The invention 
has particular application to diamond thrust bearing as- 
semblies for a downhole motor as used in the drilling 
industry. Examples of such bearing assemblies are de- 
scribed, for example, in US-A-4 560 014 and EP-A-0 
595 630 European Patent Application No. 93308591 .2). 
It has been found that the absence, or substantial ab- 
sence, of Group VIII metal in the opposed diamond- 
bearing surfaces achieves a low friction coefficient of no 
greater than 0, 1 andtheability to carry substantial loads 
equivalent to contact pressures of 68MPa or greater. 

One or each diamond-bearing surface may be pro- 
vided by a surface of any one of various diamond bod- 
ies. One such diamond body, and the preferred diamond 
body, is that which contains substantial diamond-to-dia- 
mond bonding and a second phase consisting essen- 
tially of silicon, the silicon being in the form of silicon 
and/or silicon carbide. The diamond content will gener- 
ally be 80 to 90 percent by volume and the dlamond-to- 
diamond bonding will generally be such as to form a co- 
herent, skeletal mass. The silicon second phase will 
generally be present in an amount of 10 to 20 percent 
by volume. Examples of such diamond bodies can be 
found described in US-A- 4 151 686 and US-A- 4 793 
828. Further, an example of such a body is that sold un- 
der the trade name Syndax®. 

An example of another suitable diamond body 
which can provide a surface free, or substantially free, 
of Group Vill metal is one which contains self -bonded 
diamond particles in an amount of 70 percent to 95 per- 
cent by volume, and a network of interconnected, empty 
pores dispersed through the body. The body may con- 
tain a minor amount of metallic phase infiltrated sub- 
stantially uniformly throughout the body. Such a dia- 
mond body is known as a leached diamond compact 
and an example is described in US-A- 4 224 380. 

The diamond surface free of Group VIII metal may 
also be provided by the surface of a diamond film pro- 
duced by chemical vapour deposition (CVD). CVD dia- 
mond films are produced on substrates such as silicon 
carbide, tungsten carbide and the like. The production 
of CVD diamond films is well known in the art and in- 
volves dissociating a gaseous carbon compound to pro- 
duce carbon atoms, ions or radicals which are allowed 
to deposit on a surface of a substrate to form the dia- 
mond film. 

The diamond surface free of Group VIII metal may 
also be provided by the surface of a diamond compact, 
produced under diamond synthesis conditions, which 
comprises at least 70 percent by volume, preferably 80 
to 90 percent by volume, diamond, substantial diamond- 
to-diamond bonding and a second phase which consists 
of an alkaline earth metal carbonate, particulariy calci- 
um carbonate. 



EP 0 617 207 B1 



15 



20 



25 



30 



35 



40 



45 



SO 



2 



3 



EP 0 617 207 B1 



4 



Two embodiments of the Invention will now be de- 
scribed with reference to the accompanying drawings. 
Referring first to Figure 1, there is shown a bearing as- 
sembly comprising opposed bearing surfaces 10 and 
12. The bearing surfaces 10 and 12 each form one sur- 
face of diamond compacts 14 and 16. The diamond 
compacts are both free of any Group VIII metal, so that 
the bearing surfaces 10, 12 are free of such metal. 

Referring now to Figure 2, the opposed bearing sur- 
faces of a bearing assembly are defined by surfaces 20 
and 22. Bearing surface 20 forms one surface of a dia- 
mond compact 24. Bearing surface 22 forms one sur- 
face of a diamond end zone 26 of a body 28. The dia- 
mond end zone 26 may be constituted by leached dia- 
mond compact, Syndax® or by a layer of CVD diamond. 
The zone 26 is bonded to a substrate 30 which may be 
a diamond-containing body such as a diamond com- 
pact, or it may be made of a different materia!, e.g. ce- 
mented carbide. 

In another embodiment (not shown) the diamond 
compact 24 can be replaced by a composite diamond- 
containing body similar to that of the body 28. 

A series of tests were carried out using various dia- 
mond bearing surfaces. A pin-on-disc tribometer was 
utilised to generate a unidirectional sliding motion. In the 
machine, the one component of the sliding couple (pin) 
was fixed in a sample holder on a cantilever load arm. 
The pin was allowed to slide on a horizontal disc or ring 
on a turntable drive by a fixed or variable speed motor. 
The load on the pin could be varied and was applied by 
means of dead weights on the load arm. 

The products used were Syndrili®, a diamond com- 
pact or PCD containing about 10 percent by mass of 
cobalt uniformly dispersed or distributed through the 
bonded diamond mass, and Syndax®, a diamond body 
containing substantial diamond-to-diamond bonding 
and a second phase consisting essentially of silicon, the 
silicon being in the form of silicon and/or silicon carbide. 
Various tests were carried out in which both the pin and 
disc were made of Syndrili®, both pin and disc were 
made of Syndax® and one of the pin and disc made of 
Syndrili® and the other of Syndax®. 

In a dry, unlubricated, sliding test the lowest friction 
coefficient was achieved when both the pin and disc 
were made of Syndax®. It was found that such an ar- 
rangement showed a low friction coefficient of no great- 
er than 0,1 and a high load carrying capacity of at least 
4300N which is equivalent to a contact pressure of at 
least 68MPa. This is in marked contrast to the results 
achieved when both the pin and disc were made of Syn- 
drili® which showed much higher friction coefficients of 
0,1 3 to 0,26 and a lower load carrying capacity (approx- 
imately 2800N which is equivalent to a contact pressure 
of 44MPa). In this latter case, a cobalt-rich tribofilm was 
found to have formed on the sliding surfaces. This, it is 
believed, was the cause of the high friction coefficients. 
Removal of such tribofilms, e.g. using HCI, temporarily 
* reduced the friction coefficient until the film reformed. 



In a further series of tests, the pin was made of Syn- 
dax® and the disc Syndrili® and vice versa. Again, dry, 
unlubricated, sliding conditions were used. It was found 
that this combination showed lower friction coefficients 

5 than that with the Syndrill/Syndrill® combination. Fur- 
ther, although a tribofilm was observed between the 
bearing surfaces, this this film contained primarily silicon 
and only a small amount of cobalt. Thus, there was ev- 
idence that the silicon suppressed formation of the del- 

70 eterious cobalt-rich tribofilm leading to a lower friction 
coefficient. 

A similar series of tests were carried out using water 
as a lubricant. The Syndrill/Syndrill® couple was found 
to exhibit a poor load carrying capacity of only 2800 N 

75 although the friction coefficients obtained were low and 
of the order of 0, 1 . The Syndax/Syndax® couple exhib- 
ited much the same behaviour as in the unlubricated, 
sliding tests, i.e. low friction coefficients of no greater 
than 0,1 and high load carrying capacities of greater 

20 than 4300N which is equivalent to contact pressures of 
greater than 68MPa. 



Claims 

25 

1. A bearing assembly comprising opposed diamond- 
bearing surfaces (10, 12), characterized in that both 
diamond-bearing surfaces (10,12) are free of any 
Group VIM metal. 

30 

2. A bearing assembly according to claim 1 wherein 
one of the opposed diamond-bearing surfaces is 
provided by the surface (10, 12) of a diamond body 

(14, 16) containing substantial diamond-to-dia- 
35 mond bonding and a second phase consisting es- 
sentially of silicon, the silicon being in the form of 
silicon and/or silicon carbide. 



3. A bearing assembly according to claim 1 wherein 
40 each of the opposed diamond-bearing surfaces is 

provided by a surface (10, 12) of a diamond body 
(14, 16) containing substantial diamond-to-dia- 
mond bonding and a second phase consisting es- 
sentially of silicon, the silicon being in the form of 
45 silicon and/or silicon carbide. 

4. A bearing assembly according to claim 1 wherein 
one or each of the opposed diamond-bearing sur- 
faces is provided by the surface (22) of a diamond 

50 body (26) which comprises self-bonded diamond 
particles present in an amount of 70 percent to 95 
percent by volume of the body, and a network of 
interconnected, empty pores dispersed through the 
body. 

55 

5. A bearing assembly according to claim 1 wherein 
one or each of the opposed diamond-bearing sur- 
faces is provided by a surface (22) of a CVD dia- 
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mond film (26). 

6. A downhole drill motor comprising a bearing assem- 
bly in accordance with any one of claims 1 to 5 in 
the form of a thrust bearing. 



Patentanspruche 

1. Lagervorrichtung mit zwei gegenuberliegenden 
Diamant-Lageroberflachen (10, 12), dadurch ge- 
kennzeichnet, daB beide Dlamant-Lageroberfla- 
chen (10, 12) frei von Metal! der Gruppe VIII sind. 

2. Lagervorrlchtung nach Anspruch 1 , bel der eine der 
gegenuberliegenden Diamant-Lageroberflachen 
durch die Oberflache (10, 12) eines Diamantkor- 
pers (14, 16) gebildet ist, der eine wesentliche Ver- 
bindung von Diamant zu Diamant und eine zweite 
Phase enthalt, die im wesentlichen aus Silizlum be- 
steht, wobei das Silizlum in der Form von Silizium 
und/oder Siliziumkarbid vorllegt. 

3. Lagervorrlchtung nach Anspruch 1 , bei der jede der 
gegenuberliegenden Diamant-Lageroberflachen 
durch eine Oberflache (10, 12) eines Diamantkor- 
pers (14, 16) gebildet ist, der eine wesentliche Ver- 
bindung von Diamant zu Diamant und eine zweite 
Phase enthalt, die im wesentlichen aus Silizium be- 
steht, wobei das Silizium in der Form von Silizium 
und/oder Siliziumkarbid vorliegt. 

4. Lagervorrlchtung nach Anspruch 1, bei der eine 
Oder jede der gegenuberliegenden Diamant-Lager- 
oberflachen durch die Oberflache (22) eines Dia- 
mantkorpers (26) gebildet ist, der selbstbindende 
Diamanttellchen aufwelst, die In einer Menge von 
70 bis 95 Volumenprozent des Korpers vorliegen, 
und ein Netzwerk von miteinander verbundenen, 
leeren Poren, die durch den Kdrper hindurch fein 
verteilt sind. 

5. Lagervorrichtung nach Anspruch 1, bei der eine 
Oder jede der gegenuberliegenden Diamant-Lager- 
oberflachen durch eine Oberflache (22) eines CVD- 
Diamantfilms (26) gebildet ist. 

6. Motor zum Bohren tochabwarts mit einer Lagen/or- 
richtung gema3 irgendeinem der Anspruche 1 bis 
5, in der Form eines Drucklagers. 



Revendications 

1. Dispositif de support comprenant des surfaces de 
diamant opposees (10, 12), caracterise en ce que 
les deux surfaces de support de diamant (10, 12) 
sont exemptes d'un quelconque m6tal du groupe 



VIII. 

2. Dispositif de support suivant la revendication 1 , ca- 
racterise en ce qu'une des surfaces de support de 

5 diamant opposees est prevue par la surface (10, 
12) d'un corps de diamant (14, 16) contenant une 
liaison sensible diamant sur diamant et une secon- 
de phase constitute essentiellement de silicium, le 
silicium etant sous la forme de silicium et/ou de car- 

10 bure de silicium. 

3. Dispositif de support suivant la revendication 1 , ca- 
ract6ris6 en ce que chacune des surfaces de sup- 
port de diamant opposees est prevue par une sur- 

75 face (10,12) d'un corps de diamant ( 1 4, 1 6) conte- 
nant une liaison sensible diamant sur diamant et 
une seconde phase constitute essentiellement de 
silicium, le silicium 6tant sous la forme de silicium 
et/ou de carbure de silicium. 

20 

4. Dispositif de support suivant la revendication 1 , ca- 
racterise en ce qu'une ou chacune des surfaces de 
support de diamant opposees est prtvue par la sur- 
face (22) d'un corps de diamant (26) qui comprend 

25 des particules de diamant autoliees presentes en 
une quantite de 70 % a 95 % en volume du corps, 
et un reseau de pores vides, Interconnectes, dis- 
perses k travers le corps. 

30 5. Dispositif de support suivant la revendication 1 , ca- 
racterise en ce qu'une ou chacune des surfaces de 
support de diamant oppostes est prevue par une 
surface (22) d'un film de diamant par CVD (26). 

35 6. Moteur de forage de trou comprenant un dispositif 
de support suivant I'une quelconque des revendi- 
cations 1 a 5 sous la forme d'un support recevant 
une pousste. 
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(57) A diamond-bearing assembiy comprises op- 
posed diamond-bearing surfaces (10, 12), at 
least one of vk^hich is free of any Group VIII 
metals such as cobalt. Preferably, each of the 
surfaces (10, 12) is provided by a surface of a 
diamond compact (14, 16), such diamond com- 
pact containing substantial diamond-to- 
diamond bonding, and a second phase which 
contains silicon in the form of silicon and/or 
silicon carbide. 
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